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THEREFOR 

(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain a semiconductor laser device, where when the 
laser radiations from its semiconductor laser element having an astigmatic difference 
are focused spot-wise in illuminated planes by using its collimator lens and its 
condenser lens, the laser radiations can be focused in the identical image plane with 
their minimum beam-diameters in both vertical/horizontal directions, which are 
respectively vertical/parallel to the junction plane of its semiconductor laser element. 
SOLUTION: A semiconductor laser apparatus is so configured that the fine 
adjustment of a space LI (L1=Lo+Lc. Lo: a reference space, Lc: an increment) 
between its semiconductor laser element 1 and its collimator 2 can be set. By the 
setting of the fine adjustment, there are generated in an identical image plane 
minimum-beam diameter positions Py, Px in both the vertical/horizontal directions of 
the laser radiations of the laser element 1 , which are respectively vertical/parallel to 
the junction plane of the laser element 1 . 
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CLAIMS 



[Claim(s)] 

[Claim 1] Semiconductor laser equipment characterized by having the semiconductor 
laser component which emits the laser beam from which a beam waist location differs 
in a horizontal direction parallel to the plane of composition of a semi-conductor, and 
a direction perpendicular to this, the condensing optical system which carries out spot 
condensing of the radiation laser beam from the above-mentioned laser component at 
an irradiated plane using a collimator lens and a condenser lens, and the adjustment 
device which carries out a fine control setup of the spacing of the above-mentioned 
laser component and the above-mentioned collimator lens. 

[Claim 2] Semiconductor laser equipment according to claim 1 characterized by 
connecting between collimator lenses with a semiconductor laser component by the 
member in which die-length fine tuning in the direction of an optical axis is possible. 



[Claim 3] the member which defines spacing of a semiconductor laser component and 
a collimator lens — predetermined constant temperature — the semiconductor laser 
equipment according to claim 1 or 2 characterized by having the 
temperature-compensation means put on the bottom of a condition. 
[Claim 4] The semiconductor laser component which emits the laser beam from which 
a beam waist location differs in a horizontal direction parallel to the plane of 
composition of a semi-conductor and a direction perpendicular to this is used It is the 
manufacture approach of the semiconductor laser equipment which carries out spot 
condensing of the radiation laser beam from this semiconductor laser component at 
an irradiated plane using a collimator lens and a condenser lens. The 1st process 
which defines the condensing location where the condensing beam diameter in a 
horizontal direction serves as min, The manufacture approach of the semiconductor 
laser equipment characterized by performing the 2nd process which searches for the 
point that the condensing beam diameter in a perpendicular direction serves as min by 
tuning spacing of a semiconductor laser component and a collimator lens finely after 
this 1 st process. 

[Claim 5] The manufacture approach of the semiconductor laser equipment according 
to claim 4 characterized by performing the 3rd process which fixes spacing of a 
semiconductor laser component and a collimator lens after the 1st and 2nd 
processes. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates the high power laser beam emitted from 
a semiconductor laser component using a collimator lens and a condenser lens to the 
semiconductor laser equipment which carries out spot condensing at an irradiated 
plane, and its manufacture approach. 
[0002] 

[Description of the Prior Art] For example, the record medium with which the 
sensible-heat layer which carries out thermal-expansion change irreversibly with 
heating was formed as a recording method of a Braille-points printer is used, 
thermal-expansion change of the above-mentioned sensible-heat layer is 
alternatively carried out by carrying out spot condensing and making a laser beam 
irradiate this record medium, and there is a method that this forms the irregularity of a 
Braille-points pattern. With the semiconductor laser equipment used for such an 
application, in order to raise the effectiveness and resolution of an exposure, there is 



an object for ** which makes the smallest possible point extract and condense the 
biggest possible light energy. 

[0003] For this reason, in the former, while using the semiconductor laser component 
of high power, the condensing optical system which makes punctiform carry out spot 
condensing of the radiation laser beam from that laser component using a collimator 
lens and a condenser lens was used. 

[0004] Drawing 9 shows the outline configuration of conventional semiconductor laser 
equipment. The equipment shown in this drawing is constituted by the semiconductor 
laser component 1 of a high power mold, a collimator lens 2. the beam plastic surgery 
optical system 3, and the condenser lens 4. 

[0005] After the radiation laser beam from the laser component 1 is made into a 
collimated beam by the collimator lens 2. spot condensing of it is carried out with a 
condenser lens 4 at punctiform. At this time, the beam plastic surgery optical system 
3 performs amendment to which a beam cross-section configuration serves as a 
perfect circle, and amendment of the so-called astigmatism. He was trying to make 
spot condensing perform in the shape of [ which inclines in neither of the 
vertical/horizontal directions by this ] a perfect circle. 

[0006] Beam plastic surgery optical system is constituted using a plane-parallel plate 
or a cylinder lens with big radius of curvature as indicated by JP.5-52071,B. 
[0007] 

[Problem(s) to be Solved by the Invention] However, it was shown clearly by this 
invention person for there to be the following problems in the equipment mentioned 
above. 

[0008] That is, the laser beam radiation from the semiconductor laser component 1 
had the problem that the location ******** beam way strike locations (Ey, Ex) where 
a laser beam beam serves as min differed, in the horizontal direction parallel to the 
plane of composition of a semi-conductor, and the direction perpendicular to this, as 
it divided and a continuous line (Ly) and a wavy line (U) showed to drawing 9 . That is, 
there was the astigmatic difference (Ex!=Ey) from which the laser light source location 
on appearance differs by the light beam Lx which spreads horizontally, and the light 
beam Ly which spreads in perpendicular parallel. 

[0009] Although the vertical beam way strike location Ey can be regarded as the end 
face of a semi-conductor, the horizontal beam way strike is supposed that a location 
Ex is located in the place which entered inside for a while rather than the end face. 
Even if it carries out spot condensing of the beam light which has this astigmatic 
difference with a collimator lens 1 and a condenser lens 4 at an irradiated plane, as 
shown in drawing 10 , a perfect circle will not become but the condensing pattern in 
that irradiated plane (image surface) will diffuse it in the shape of an ellipse in the 
vertical/horizontal direction of either. That is, astigmatism will arise and an image will 
fade. 



[0010] In order to amend this astigmatism, the beam plastic surgery optical system 3 
which was mentioned above was made to intervene conventionally. However, since it 
is generated according to the astigmatic difference (Ex!=Ey) from which It sees in a 
perpendicular direction and a horizontal direction, and the upper laser light source 
location (beam way strike locations Ey and Ex) differs as mentioned above, the 
astigmatism cannot fully be amended only by the conventional beam plastic surgery 
optical system 3 mentioned above. 

[0011] In the conventional beam plastic surgery optical system 3, as were shown in 
drawing 9 , and the image surface location Lx where the image surface location Py 
where the vertical diameter of beam Ly serves as min, and the horizontal diameter of 
beam Lx serve as min was not able to be made in agreement but it was shown in 
drawing 10 for this reason, it was unavoidable that elephant dotage arises in 
vertical/horizontal either or both. 

[0012] Drawing 10 shows the condition of the condensing pattern obtained with the 
equipment of drawing 9 . In this drawing, as for the condensing pattern in the image 
surface location A where the vertical diameter of beam Ly serves as min. and (b). the 
horizontal diameter of beam Lx shows the condensing pattern in the mid-position C of 
the two above-mentioned image surface locations A and B for (a), respectively, as for 
the condensing pattern in the image surface location B used as min, and (c). 
[0013] As shown in this drawing, when the image surface location A is set that the 
vertical diameter of beam Ly serves as min. the horizontal beam Lx will be spread in 
the image surface location A. and as shown in (a), ellipse-like aberration will appear in 
a condensing pattern. Moreover, when the image surface location B is set that the 
horizontal diameter of beam Lx serves as min, the vertical beam Ly will be spread 
shortly in that image surface location B, and as shown in (b), in a condensing pattern, 
ellipse-like aberration will appear also in this case. Since neither both the 
vertical/horizontal beams Ly nor the diameter of Lx serves as min when it is going to 
obtain a condensing perfect circle-like pattern in the mid-position C of both the image 
surface locations A and B. as shown in (c). Beams Ly and Lx will not fully be narrowed 
down but this will also become the so-called image dotage. 

[0014] Thus, it was shown clearly by this invention person for there to be a problem 
that the astigmatism which cannot be amended only by the conventional beam plastic 
surgery optical system produces the radiation laser beam from a semiconductor laser 
component according to the astigmatic difference peculiar to the semiconductor laser 
component that the beam way strike location of the radiation laser beam from the 
laser component is horizontal [ perpendicular/horizontal ] to punctiform. and different 
from an irradiated plane at it with the semiconductor laser equipment which carries 
out spot condensing. 

[0015] This invention is made in view of the above technical problems, and it aims at 
offering the semiconductor laser equipment which enabled it to make the same image 



surface condense vertical/horizontal both directions with the minimum beam diameter 
as an easy configuration and adjustment actuation are also about the radiation laser 
beam fi-om a semiconductor laser component which has the astigmatic difference, and 
its manufacture approach. 
[0016] 

[Means for Solving the Problem] The 1st means of this invention is semiconductor 
laser equipment characterized by having the semiconductor laser component which 
emits the laser beam from which a beam waist location differs in a horizontal direction 
parallel to the plane of composition of a semi-conductor, and a direction perpendicular 
to this, the condensing optical system which carries out spot condensing of the 
radiation laser beam from the above-mentioned laser component at an Irradiated 
plane using a collimator lens and a condenser lens, and the adjustment device which 
carries out a fine control setup of the spacing of the above-mentioned laser 
component and the above-mentioned collimator lens. 

[001 7] The 2nd means is semiconductor laser equipment characterized by connecting 
between collimator lenses with a semiconductor laser component by the member in 
which die-length fine tuning in the direction of an optical axis is possible in the 1st 
means, the member as which the 3rd invention determines spacing of a semiconductor 
laser component and a collimator lens in the 1st or 2nd means ~ predetermined 
constant temperature — it is semiconductor laser equipment characterized by having 
the temperature-compensation means put on the bottom of a condition. 
[0018] The semiconductor laser component which emits the laser beam from which a 
beam waist location differs in a horizontal direction parallel to the plane of 
composition of a semi-conductor and a direction perpendicular to this is used for the 
4th means. It is the manufacture approach of the semiconductor laser equipment 
which carries out spot condensing of the radiation laser beam from this 
semiconductor laser component at an irradiated plane using a collimator lens and a 
condenser lens. The 1st process which defines the condensing location where the 
condensing beam diameter in a horizontal direction serves as min. It is the 
manufacture approach of the semiconductor laser equipment characterized by 
performing the 2nd process which searches for the point that the condensing beam 
diameter in a perpendicular direction serves as min by tuning spacing of a 
semiconductor laser component and a collimator lens finely after this 1st process. 
The 5th means is the manufacture approach of the semiconductor laser equipment 
characterized by performing the 3rd process which fixes spacing of a semiconductor 
laser component and a collimator lens after the 1st and 2nd processes in the 4th 
means. 

[0019] According to the means mentioned above, the minimum beam diameter 
location in a perpendicular direction can be doubled with the minimum beam diameter 
location in a horizontal direction by carrying out a fine control setup of the spacing of 



a semiconductor laser component and a collimator lens. The purpose of making the 
same image surface condense vertical/horizontal both directions with the minimum 
beam diameter as an easy configuration and adjustment actuation are also by this 
about the radiation laser beam from a semiconductor laser component which has the 
astigmatic difference is attained. 
[0020] 

[Embodiment of the Invention] Hereafter, the suitable operation gestalt of this 
invention is explained, referring to a drawing. In addition, the same sign is taken as the 
same or the thing which shows a considerable part between each drawing. 
[0021] Drawing 1 shows 1 operation gestalt of the semiconductor laser equipment by 
this invention. As for the semiconductor laser equipment 10 shown in this drawing, the 
semiconductor laser component 1. a collimator lens 2. the beam plastic surgery 
optical system 3. and a condenser lens 4 are first arranged together with the 
optical-axis Z direction. 

[0022] The semiconductor laser component (LD) 1 is a high power type, and good 
metal LD maintenance plate 1 1 is equipped with thermal conductivity (mounting). This 
maintenance plate 1 1 is being fixed to the metal plate 13 through Peltier device 12 for 
cooling. Although this metal plate 13 makes the structural member of equipment, it 
serves also as the heat sink to which stripping of the heat dissipation of Peltier device 
12 is absorbed and carried out. 

[0023] the constant temperature which keeps constant the environmental 
temperature of the laser component 1 of operation by combining with a feedback 
control means by which the temperature (for example, temperature of LD 
maintenance plate 1 1) of the place near the semiconductor laser component 1 turns 
into predetermined temperature although Peltier device 12 omits illustration — a 
system can also be constituted. 

[0024] A collimator lens 2 is a convex lens and collimated-beam-izes the radiation 
laser beam (Ly. Lx) from the laser component 1. This collimator lens 2 is held at the 
metal lens holder 21 with good thermal conductivity, and this lens holder 21 is 
connected with the above-mentioned LD maintenance plate 11 through the fine 
control Seiji implement 22. 

[0025] By this fine control Seiji implement 22. the laser component 1 and the 
collimator lens 2 are connected mechanically, maintaining the predetermined distance 
spacing LI. The fine control Seiji implement 22 forms a screw delivery device with a 
screw with a fine pitch, and makes the adjustment device which carries out an 
adjustable setup of the spacing LI of the laser component 1 and a collimator lens 2 in 
the precision of mum unit (0-40 micrometers). Although placed between these fine 
control Seiji implements 22 by the error by thermal expansion, it can make it reduce 
this error more to control the temperature rise of the laser component 1 by Peltier 
device 12. 



[0026] Although the beam plastic surgery optical system 3 omits illustration, it is 
constituted using a plane-parallel plate, a cylinder lens or an anamorphic prism, etc., 
and amends the astigmatism of the laser beam (Ly, Lx) collimated-beamHzed by the 
collimator lens 2 auxiliary. . 

[0027] A condenser lens 4 is a convex lens and carries out spot condensing of the 
collimated-beamHzed laser beam at punctiform. Fp is an image surface location 
(irradiated plane location) which receives the laser beam by which spot condensing 
was carried out. This image surface location Fp is chosen so that a beam diameter 
may serve as min in the location Fp concerned. 

[0028] However, with the semiconductor laser equipment 10 mentioned above, a 
horizontal direction parallel to the plane of composition of a semi-conductor and a 
direction perpendicular to this change in the light source location on appearance 
(beam way strike location) with astigmatic difference of the semiconductor laser 
component 1 . For this reason, even if it moves the image surface location Fp to an 
optical-axis Z direction, as mentioned above, the location where the vertical diameter 
of beam Ly serves as min, and the location where the horizontal diameter of beam Lx 
serves as min cannot be made not necessarily in agreement, but astigmatism 
produces them by that inequality. The astigmatism by this astigmatic difference 
cannot be amended only by the beam plastic surgery optical system 3. as mentioned 
above. 

[0029] Here, in the semiconductor laser equipment mentioned above, this invention 
person did learning of the focal location where the vertical diameter of beam Ly 
serves as min. and the focal location where the horizontal diameter of beam Lx serves 
as min carrying out mutually different behavior, when changing the spacing LI of the 
laser component 1 and a collimator lens 2 per mum. 

[0030] That is, although the focal location where the vertical diameter of beam Ly 
serves as min changed a lot per Miri (mm) when the spacing LI of the laser 
component 1 and a collimator lens 2 was changed gradually and performed like 0 or 10 
micrometers, 20 micrometers, 30 micrometers, and 40 micrometers, as shown in 
drawing 2 , learning of there being no^ focal location where the horizontal beam 
diameter Lx serves as min **** about change which was so much noticeable was 
carried out. 

[0031] Furthermore, this invention person did learning of saying [ that the horizontal 
diameter of beam Lx can bring the focal location where the diameter of beam Ly of the 
perpendicular direction serves as min by changing the focal location where the 
vertical diameter of beam Ly serves as min even to the focal location used as min by 
changing the spacing LI of the laser component 1 and a collimator lens 2 per mum ]. 
[0032] Drawing 2 is a graph which shows the change condition of the minimum beam 
diameter location according to a vertical/horizontal direction, an axis of abscissa 
shows the measuring point (unit mm) of a beam diameter, and an axis of ordinate 



shows a beam diameter (micrometer), respectively. In this drawing, the change 
condition of a beam diameter over a measuring point Defining the spacing LI of the 
semiconductor laser component 1 and a collimator lens 2 like the increment Lc (unit 
mum) over the criteria spacing Lo (L1=Lo+LcX and changing the increment Lc 
gradually with 0. 10. 20. 30. and 40 The change condition of a beam diameter over a 
beam diameter measuring point was investigated, respectively for each increment Lc 
of every (= 0. 10. 20. 30. 40). 

[0033] Consequently, although the minimum beam diameter location in a perpendicular 
direction changes with change of Above Lc a lot per Miri (mm) as shown in this 
drawing, the minimum beam diameter location in a horizontal direction hardly changes 
to change of Above Lc. Thereby, it becomes possible by carrying out an adjustable 
setup of the above Lc to bring the minimum beam diameter location in a perpendicular 
direction even to the minimum beam diameter location in a horizontal direction. 
[0034] In the example shown in drawing 2 . when it sets up with Lc=20micrometer, the 
minimum beam diameter location in a perpendicular direction comes to lap with the 
minimum beam diameter location in a horizontal direction. In this lap point C, a beam 
diameter serves as min in both of the vertical/horizontal directions. 
[0035] Drawing 3 shows a condensing pattern when the minimum beam diameter 
location in vertical/horizontal both directions is in agreement. In this drawing, (c) 
shows the condensing pattern in the location A where a beam diameter serves as min 
in vertical/horizontal both directions. Moreover, (a) and (b) show the condensing 
pattern in the back location A and the front location B. respectively. As shown in this 
drawing, after having been amended by the perfect circle configuration which inclines 
toward vertical/horizontal neither, spot condensing of the condensing pattern is 
carried out. 

[0036] As this invention was made paying attention to the above learning and shown in 
drawing 1 The radiation laser beam from the semiconductor laser component 1 is 
faced making an irradiated plane carry out spot condensing using a collimator lens 2 
and a condenser lens 4. By having the adjustment device which carries out a fine 
control setup of the spacing LI (L1=Lo+Lc) of the above-mentioned laser component 
1 and the above-mentioned collimator lens 2 It makes it possible to make mutually in 
agreement the focal location where the vertical diameter of beam Ly serves as min. 
and the focal location where the horizontal diameter of beam Lx serves as min. 
[0037] The semiconductor laser equipment it was made to make the same image 
surface condense vertical/horizontal both directions with the minimum beam diameter 
as an easy configuration and adjustment actuation are also by this about the radiation 
laser beam from a semiconductor laser component which has the astigmatic 
difference can be obtained. 

[0038] Next, the manufacture approach of the semiconductor laser equipment by this 
invention is explained. As mentioned above, the semiconductor laser component 



which emits the laser beam from which a beam waist location differs in a horizontal 
direction parallel to the plane of composition of a semi-conductor and a direction 
perpendicular to this is used for the semiconductor laser equipment by this invention. 
Although it has the configuration which carries out spot condensing of the radiation 
laser beam from this semiconductor laser component at an irradiated plane using a 
collimator lens and a condenser lens This equipment can be used as the 
semiconductor laser equipment which can make the same image surface condense 
vertical/horizontal both directions with the minimum beam diameter as an easy 
configuration and adjustment actuation are also about the radiation laser beam from a 
semiconductor laser component which has the astigmatic difference by passing 
through the following processes. 

[0039] Drawing 4 shows the main process scenes of the semiconductor laser 
equipment manufacture approach by this invention, first, it is shown in (a) of this 
drawing — as — the condensing beam diameter in a horizontal direction — min — the 
1st process which defines a location Px is performed. This process changes the 
spacing L2 of a condenser lens 4 and the beam diameter measuring device 7, and is 
performed, specifically moving the measuring plane of a measuring device 7 to an 
optical-axis Z direction — the condensing beam diameter in a horizontal direction — 
min — a location Px can be defined. 

[0040] As shown in (b) of this drawing after this 1st process, as the 2nd process, the 
minimum beam diameter location Py in a perpendicular direction is moved, and it is 
made in agreement with the minimum beam diameter location Px in a horizontal 
direction by tuning the spacing LI (=Lo+Lc) of the laser component 1 and a collimator 
lens 2 finely. Thereby, the minimum beam diameter locations Py and Px in 
vertical/horizontal both directions can be brought to the same image surface. 
[0041] Then, if it requires, the 3rd process which fixes spacing of the laser component 
1 and a collimator lens 2 by adhesives, spot welding, etc. will be performed. Thereby, 
spacing of a laser component and a collimator lens can be fixed to an 
optimum-coordination condition, and the condition can be made to hold everlastingly. 
This 3rd process can be easily performed using adhesives etc. 

[0042] In case a user (OEM supply place) includes in application devices, such as a 
Braille-points printer, for example, you may make it make spacing of the laser 
component 1 and a collimator lens 2 tune finely as other means as mentioned above, 
although it can be made to optimize by fine tuning in a manufacture phase. Moreover, 
you may be a gestalt as shows between the laser component 1 and a collimator lens 2 
to drawing 5 or drawing 6 as a structure gestalt connected with the fine control Seiji 
implement 22. for example. 

[0043] Drawing 5 shows another operation gestalt in the important section of the 
semiconductor laser equipment by this invention. This drawing is what showed the 
connection configuration of the semiconductor laser component 1 and a collimator 



lens 2. and if the difference of what was shown in drawing 1 is explained, the metal 
lens holder 21 holding a collimator lens 2 is connected with the metal plate 13 side by 
the fine control Seiji implement 22. 

[0044] Spacing of a metal plate 13 and a lens holder 21 can be carried out with this 
fine control Seiji implement 22, and an adjustable setup of the spacing of the laser 
component 1 and a collimator 21 can be carried out per mum (0-40 micrometers) by 
fine-tuning aMc****. 

[0045] Drawing 6 shows another operation gestalt to the pan in the important section 
of the semiconductor laser equipment by this invention. With the semiconductor laser 
equipment 10 shown in this drawing, while attaching a lens holder 21 in susceptor 5 
with support 23, it is made to carry out an adjustable setup of the spacing of the 
support 23 and metal plate 13 with the fine control Seiji implement 22. 
[0046] As mentioned above, while the above-mentioned fine control fixture 22 can 
carry out a fine control setup of the spacing of the laser component 1 and a collimator 
lens 2 in the precision of mum unit, to be able to hold the once defined established 
state to stability, without being influenced by many years past, the temperature 
change, etc. is desired for this reason ~ being alike ~ it is shown in the quality of the 
material of the above-mentioned fine control Seiji implement 22 below, using an alloy 
with a small coefficient of thermal expansion (for example. Constan and a permalloy) 
~ as ~ that fine control Seiji implement 22 ~ predetermined constant temperature 
the temperature-compensation means for putting on the bottom of a condition is 
used. 

[0047] Drawing 7 shows the operation gestalt of semiconductor laser equipment 
equipped with the temperature-compensation means. The semiconductor laser 
equipment shown in this drawing has the temperature-compensation circuit 6 which 
consists of a temperature sensor 61, the temperature detector 62, a feedback control 
circuit 63. a temperature setting means 64, etc. 

[0048] In this case, the temperature sensor 61 is attached in LD maintenance plate 61, 
and detects the ambient temperature of the semiconductor laser component 1. The 
temperature detector 62 outputs the electrical signal of the level corresponding to the 
detection temperature of the above-mentioned temperature sensor 61. The feedback 
control circuit 63 carries out feedback control (negative feedback control) of the drive 
current of the above-mentioned laser component 1 and/or Peltier device 12 so that 
the electrical signal level corresponding to temperature may turn into predetermined 
setting level given from the temperature setting means 64. 

[0049] Thereby, feedback control of the ambient temperature of the above-mentioned 
laser component 1 is carried out to the predetermined temperature corresponding to 
the above-mentioned setting level. By this control, the temperature in the fine control 
Seiji implement 22 can also be stabilized by constant temperature, and the spacing 
established state of the laser component 1 and a collimator lens 2 can be held now to 



stability. 

[0050] Drawing 8 shows another operation gestalt of semiconductor laser equipment 
equipped with the temperature-compensation means. The semiconductor laser 
equipment shown in this drawing is formed so that the temperature compensation 
circuit 6 mentioned above may carry out direct feedback control of the temperature 
of the fine control Seiji implement 22. That is, a temperature sensor 61 is attached so 
that the temperature of the fine control Seiji implement 22 may be detected directly, 
and it carries out feedback control of the amount of energization to the heater 24 
which warms the fine control Seiji implement 22 so that this detection temperature 
may turn into temperature set up with the setting means 64. 

[0051] constant temperature by this with the still more positive fine control Seiji 
implement 22 — it comes to be put on the bottom of a condition. Therefore, the 
spacing established state of the laser component 1 and a collimator lens 2 can be 
made to hold to still highly precise and stability. In addition, the 
temperature-compensation circuit 6 shown in drawing 7 and the 
temperature-compensation circuit 6 which drawing 8 showed may be formed in the 
form where both are made to use together. 

[0052] With the semiconductor laser equipment shown in drawing 8 , it can consider as 
the means which carries out a fine control setup of the die length of the fine control 
Seiji implement 22, and the above-mentioned temperature-compensation circuit 6 
can also be used. That is, an adjustable setup of the temperature of the 
above-mentioned fine control Seiji implement 22 is carried out by carrying out 
adjustable actuation of the laying temperature of the above-mentioned setting means 
64. Then, according to the laying temperature, thermal expansion of the fine control 
Seiji implement 22 is carried out. By die-length change by this thermal expansion, a 
fine control setup of the spacing of the laser component 1 and a collimator lens 2 can 
be carried out in the precision of mum unit. 

[0053] As having explained above, invention of the 1st of this invention is 
semiconductor-laser equipment characterized by to have the semiconductor-laser 
component which emits the laser beam from which a beam-waist location differs in a 
horizontal direction parallel to the plane of composition of a semi-conductor, and a 
direction perpendicular to this, the condensing optical system which carries out spot 
condensing of the radiation laser beam from the above-mentioned laser component at 
an irradiated plane using a collimator lens and a condenser lens, and the adjustment 
device which carries out a fine-control setup of the spacing of the above-mentioned 
laser component and the above-mentioned collimator lens. The same image surface 
can be made to condense vertical/horizontal both directions with the minimum beam 
diameter as an easy configuration and adjustment actuation are also by this about the 
radiation laser beam from a semiconductor laser component which has the astigmatic 
difference. 



[0054] The 2nd invention is semiconductor laser equipment characterized by 
connecting between collimator lenses with a semiconductor laser component by the 
member in which die-length fine tuning in the direction of an optical axis is possible in 
the 1st invention. Thereby, the adjustment device which carries out a fine control 
setup of the spacing of a semiconductor laser component and a collimator lens can be 
constituted. 

[0055] the member as which the 3rd invention determines spacing of a semiconductor 
laser component and a collimator lens in the 1st or 2nd invention — predetermined 
constant temperature — it is semiconductor laser equipment characterized by having 
the temperature-compensation means put on the bottom of a condition, the error 
according to thermal expansion by this — local constant temperature — it can amend 
on conditions. 

[0056] The 4th invention uses the semiconductor laser component which emits the 
laser beam from which a beam waist location differs in a horizontal direction parallel to 
the plane of composition of a semi-conductor, and a direction perpendicular to this. It 
is the manufacture approach of the semiconductor laser equipment which carries out 
spot condensing of the radiation laser beam from this semiconductor laser component 
at an irradiated plane using a collimator lens and a condenser lens. The 1 st process 
which defines the condensing location where the condensing beam diameter in a 
horizontal direction serves as min, It is the manufacture approach of the 
semiconductor laser equipment characterized by performing the 2nd process which 
searches for the point that the condensing beam diameter in a perpendicular direction 
serves as min by tuning spacing of a semiconductor laser component and a collimator 
lens finely after this 1 st process. Thereby, the minimum beam diameter location in 
vertical/horizontal both directions can be brought to the same image surface. 
[0057] The 5th means is the manufacture approach of the semiconductor laser 
equipment characterized by performing the 3rd process which fixes spacing of a 
semiconductor laser component and a collimator lens after the 1 st and 2nd processes 
in the 4th means. Thereby, spacing of a laser component and a collimator lens can be 
fixed to an optimum state, and the condition can be made to hold everlastingly. 
[0058] 

[Effect of the Invention] In the above explanation, this invention faces [ making an 
irradiated plane carry out spot condensing using a collimator lens and a condenser 
lens ] the radiation laser beam from a semiconductor laser component which has the 
astigmatic difference so that clearly. By the ability having been made to carry out a 
fine control setup of the spacing of a laser component and a collimator lens The 
semiconductor laser equipment which can make the same image surface condense 
vertical/horizontal both directions with the minimum beam diameter as an easy 
configuration and adjustment actuation are also about the radiation laser beam from a 
semiconductor laser component which has the astigmatic difference can be obtained. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is drawing showing 1 operation gestalt of the semiconductor laser 
equipment by this invention. 

[Drawing 2] It is the graph which shows the change condition of the minimum beam 
diameter location according to a vertical/horizontal direction. 

[Drawing 3] It is drawing showing a condensing pattern when the minimum beam 
diameter location in vertical/horizontal both directions is in agreement. 
[Drawing 4] It is drawing showing the main process scenes of the semiconductor laser 
equipment manufacture approach by this invention. 

[Drawing 5] It is drawing showing another operation gestalt in the important section of 
the semiconductor laser equipment by this invention. 

[Drawing 6] It is the story schematic drawing showing another operation gestalt in the 

pan in the important section of the semiconductor laser equipment by this invention. 

[Drawing 7] It is drawing showing the operation gestalt of semiconductor laser 

equipment equipped with the temperature-compensation means. 

[Drawing 8] It is drawing showing another operation gestalt of semiconductor laser 

equipment equipped with the temperature-compensation means. 

[Drawing 9] It is drawing showing the outline configuration of conventional 

semiconductor laser equipment. 

[Drawing 10] It is drawing showing the condition of the condensing pattern obtained 
with the equipment of drawing 9 . 
[Description of Notations] 

1 Semiconductor Laser Component of High Power Mold (LD) 

10 Semiconductor Laser Equipment 

1 1 LD Maintenance Plate 

12 Peltier Device 

13 Metal Plate 

2 Collimator Lens 

21 Lens Holder 

22 Fine Control Seiji Implement Which Makes Adjustment Device 

23 Support 

24 Heater 

3 Beam Plastic Surgery Optical System 

4 Condenser Lens 

5 Susceptor 



6 Temperature-Compensation Circuit 

61 Temperature Sensor 

62 Temperature Detector 

63 Feedback Control Circuit 

64 Temperature Setting Means 

7 Beam Diameter Measuring Device 
Z Optical axis 

Ey Beam way strike location (perpendicular direction) 

Ex Beam way strike location (horizontal) 

Ly Light beam which spreads perpendicularly 

Lx Light beam which spreads horizontally 

Py The minimum beam diameter location (perpendicular direction) 
Px The minimum beam diameter location (horizontal) 
LI Spacing of a laser component and a collimator lens 

L2 Spacing of a condenser lens and a beam diameter measuring device (image 
surface) 

Fp Image surface location 
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im^m 1 ] ^W(om-^mic^nti7i<w-yjfPi ten 
im^m 4 ] ^mwco^^mcwnrji7k^^yjf^ ten 

7j<¥;^f&IT'©»Jt f-Ag*"i«/jNi: ^-5*5te{4S^S46 

5 ] ^ 1 *3 i I/m 2 ©IgtDf^. b- 
r] u ^--SiuyXcomm^&^t^^ 3 oig 

[000 1] 

^\yyx^m-ox^mMmcx:r^y hmi^tt^^mwu 

Co 0 0 2] 

bmytLxmmtE-^^cti,cj;:i)±si^mm^ 

a^Bis.t^ti^oyi^t'^h^o ^(D^^rji^mc^^ 
t^^mwi^—^rmmxii. mM(o^mt^mm^^tb 

[0 0 0 3] ccDfcib. V^mctsi^^Xli. MtHtltO^m 

i^u—^m^^^mt^tti>\c. ^©b— if^^*^6 
o^mu-^fift^ziv yi-ituyxtm^u>x^m-o 50 
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[ 0 0 0 4 ] 0 9 (i. vtMo^mii^u-'^mmtommm 
7tb>X4{CctO'Kfi!t$n5o 

[0 0 0 5] b-if^? 1 *^C.<DS!{ftf b— ifJtti. mj 

p<-^byx2T¥fTe-Afc$nrc^. m^iy>X4 
IE. ^^t>n>^4¥!^ium<DmsE^noo ctiic^o. mm 

/TkTtD if ^ (D^fp) {c <i 5. * (/ ^XR^^tC X .1^ y h ft 

[0006] e- Agjg^t^^^a. tztX imdkW 5 - 
5 2 0 7 1 ^i>ffllcfEit$nTV^^J:3{i:. W¥ffi« 

[0 0 0 7] 

[0 0 0 8] -r^fe-^, ^mi^u—^m^\ti^^(o\y- 
^^WLmt. m9icmm ay) t^&m (lx) r-^it 

JcSiE^:^[p]i:T-(i. b-^f^tee-AA^«/jNi:%§eB 
l^^3f*5lf-A'i7x-rxhf4H (Ey. Ex) 

<Du—^ymMmi}m^j:^^^Amm (e x e y) 

[0 0 0 9] Sifi7jI^©e-A<i'x-rXKSgEy{±i|i 
X X h lifeH E X a ^©SSffi J: D t '> L fflij lii A o 

hft^ :3 U p< - ^ b >X 1 t ft^t b^X 4 TMBSWffifc 
XJi<7 hftT^LTt. 01 Ofc^-Tidtc. ^-fOMS^W 

ffi (^is) x(oMtf^^-y{mvit\,m^-f. mm/ 

[0 0 10] cm^iR||;S:|iiE-r5/ca6{c, 'c^jfeti. 

7j<¥73iR]i;TMAH^±Ob-ifJtj!i{iiS (tr-A'>xi' 
XhfiBEy. Ex) Am*5p,^|ii||| (Ex=*tEy) 

[0 0 1 1] llf3t50tr-Aejg^^lS3T'{i. 09tc^ 
t^blc. SS;'7l^tDif-ALygA^B/jNi:^5^ffie 
SP y i:7j<¥:^lR]<Dtr-AL xgA^g/J>i:^§{tS(ig 
Lxi:*-g($Hi:5iii:A^T-fr. ctDfcii. 0iO(c 
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[0 0 1 2] 01 Oti. 09(DgSfCT^e.n5«7K/^ 
^->£D«^^^s-r<, |lI0^Cfe^,^T. (a) tiSBT^lpJ 
(0 If- A L y t * ^SffiH A T ©ftT^/ ^ - 

(b) {i*¥;^|p]tDfc:-AL xSA^a/jNi:^;5®ffi 
(4SBTOm7te/'?^-y. (c) (i±fE20©fl6SfeS 
A, B^ttJF^fiHCT'CDmT^/^^^-y^&^tl^^tl^-ro 

[0 0 13] |l)HJi:/7^-r.};9t. Sil73l«]Ot"-ALy 

^ffifiS B {C T^E7?[6]CO t: - A L y t^ihWL LX. C(D 
^^tct. (b) iCTnt^olc. »7tA^->tct±ffiR 

c icrMFi^(Dm^^^^-y^m^ o t Lrzm^\z[t. 

Sil/7j<¥©M e- A L y , L X g*\'^tlc«/jN i: ;^ e, /Q: 
\t^rcib. (c) JC^^^idfC, If— ALy, LxA^+^ 

[0 0 14] C^i^tC. *»{*^— ff^?A^P,(0»*f 

If- A ^7 X X h {3iBA^Sil/7j<¥;^|6] TtBS-r 5 1/ > 
CD ti- ASff^^t^lS/cttTliffiiE L t n^t«lR||7b^ 

[0 0 15] *5|B^{it(±©J:9^SS{cS^T^5n 

B/7]<¥©i^75"|Bj^±{cg/jAt:-AgTiSI-^Mti:*)t^ 
[0 0 16] 

[i?a^^j*-r5/ci6«D#|g] *I8B^£D^ 1 ©^gti, 

n 0 uyxtm^uyx:^m-Dxmmmicxt° 

c t^^mtt?>^mwiy-'>fmmx'h^o 
[0 0 17] ^2(D^mii. mKD^miasi^^x. 
» u— »f t a «j ^ iyyxm^yt^:f3^x(o&t 
mmmmmrimixmi^Lrcii t^^mtt^^mf^ 
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[0 0 18] m4<D^mi. ¥i®f*O^^BDfc¥fT47j< 
(R] i: i:ntcSil*;;?[Sl t T If- A X X KSa^tS 

3tf-AgA^g/jNi:&-5*JtteB;&^465^ 1 (Dig 

10 t. c(omi (Dxm(om. i^-if ii? i: ^ u ^ - 

*^e-A@*'!«/hi:;5:^A;&^i6§^2©Igi:. % 
[0 0 19] ±5KL/c#g{c<tn(f. tf-^^ 

t::i^) :^-^\yyX(Dmm^^mm.-^t^ctx. mm 

20 :?^[pIT'Cl«/J^tr-AS{5B^, 7k¥73[R]T(D«/jNlf-A 

^^m^trnmrnv^x^riX. m./7mo:>^ii\P\i^\c 

[0 0 2 0] 

30 [0 0 2 1 ] 0 1 \tif.mmzii:^iSf^mW\y~T^m(0~ 
AgJg^t^l^S, *JleU>'X4A'S^tWZ?3[R]tcMA/TE 

K^nrv^So 

[0 0 2 2] iji^f^b— (L D) 1 itmmti^^ 

^T-feoT. «ieW14*^a»*#SS(r)LD«^Sl 1 
^tlTl^So COffi^Sl Hi, ?^ 
^fflfD'^yl/g^x^? 1 2*/^bT^gSl StcH^^n 
Tl^So CO^gSi 3 ^i^B<D«igg|5$^;S::^f A\ ^ 
40 7l/^x^?l 2©«{»i^igilRLTm$-»i-5k-h-»' 
^fe*teTI/^?.o 

[0 0 2 3] ^fl^jim'f 1 2{±. 0^x^=t«8-r5At, 
itiaif*:U— tf^? 1 (cjfii^i: Cocoas (/ci:;i{f L D 

•y^f<Jffl]#gi:ffi^^^t>-<±Si:i:{cj:f). ^<Db— if^ 
? 1 Oijft««fiS*-^lC{SOlIfi>'XxA%«^f 
5<:i:tT't5o 

[0 0 2 4] =i';;^-^b>X2!iiaU>XT$.oT. 
U-1f^? 1 *^e.©0[lifb-if7te (L y. L x) 
)0 t:-A{b-rSo c:©3Up<-^fb>X2{i|^e#14;!,^^ 
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[0 0 2 5] c(onmmihmz2ic^o. ^-+f^?i 

i:3U^-^uyX2(4. m^cDSESr^PiL i 
*^?.«Hi6^fcB*g$nTV^§„ jaiiM?&*2 2(i. tct 

^ tr -y f^©jffl*^i^^ i 5 ;^ ^ 'J a. -ai t) iskm^m 

^L. lf«?l i:n'Jp<-^byX2<DRgPiL 1 ^ 
/im#{5 (0~4 0/im) (DttfiTWIgSSf ^PS? 
S«:*-ro c:(0taiiSr&a2 2{c{i|!*j|gg?ifcj:5^M*^ 
/^ft■rs*<. co^Mti. /ctA{f^;l/^x«?i 2T' 

[0 0 2 6] tf-AgJg)t^^3«. 0^(i^BS-r^ 

{Ci:^T¥f7tf-A{b*tlfcb— (Ly. Lx)<D 
[0 0 2 7] *7tU>X4{i(niU>X-efet>T. TOt" 

-Afb^nfcU'— fTt^itWcxv-p-y h^T^-rSo Fp 

liX>-}?-y h«7t$nfc^— tf>^J&§tt?.fSffi{iig (S^Bg 

[0 0 2 8] LA^U ±ai L fc If ^Bl OT 
Affile ¥tTi5:*¥73[p]i:i:n{cMiI^?3lpJi:T\ MAHt 

*¥73lR)©t:-A L xS*^«/J^^:*5{4B{i'i:^■rLt- 
e-ASm^^l^ 3 ff ttT-tilf IE L*n*l\ 
[00 2 9] *fSH^#(i. ±3ZEbrc^Wi*U- 

■IfgBtCtiV^T. U— (fil?l t=HJ^-^U.>'X2(D 

-ALyfiA^ffl/hi:^?.«j^{4Bi:. 7i<^7^|pI(Dlf-A 

[0 0 3 0] -r*t)%, b— »f*?i 

X2cDP^PiL 1 fci:;tlf02tc^-r<i:d{c, 0. 1 
0/im. 20/im, 30/im. 4 0 milV^ i "5 tcg 

A^a/hi:*^*,*{4B«5 (mm) ¥{itTAt<Sfb 
[00 3 1] *?ga^#(i. u— «f*?ii:3ij 

;^-^U>X2(DPiPiL 1 ^r/im^fiT'^fb^-if^SCi; 
itt^^CtK^tl. ^■<?)lil73|6]C!)tr-ALyS*'ft 
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'btfi^m.^Mm^. 7j<¥:^f6](Dt*-AL xgA^a/J^i: 
[003 2] 02 li«'jMf-AS{uB®^{t«^5rSfi 

/7k^<Dyj\^wnc^st^'^yvh^i:. mmt tr- as 

tDil^fiB (#fiimm) , ^tt«f-Ag (/im) 

©^{ktt^a. 1 i:3U;j{-^7u>x 

2 (DfSm L 1 ^S*PP^PS L o tCiif-r L c /i 
10 m) i:l,>3J:^fC^«L (L 1 =Lo + Lc) > ^Oii 
^^-Lc^O. 1 0. 2 0, 3 0, AOt^^mcmt-^ 
•tt**^?.. #ti^L c (=0, 10. 2 0, 3 0, 4 
0) CTirt^tl^^n. lf-Ag!SiJ^{5B{c51-r^ If-A 

[00 3 3] ^OifgS. |Wi0ti:^-rJ:9{c. SUtJIoIT' 
<D«/J^ tr- Ag{4gt±±IE L c (D^itic J: 0 5 'J (m 
m) M^&T'Xt<mtt^i)\ 7kT;?|SlT'©g/ht:-A 
@{aBli;±l5 L c (OmticMLriS. hhEmt t 

cntcio. ±f2L c*wr^ia^-r§ci:T\ Sii:^|p] 

20 T'<Ofi/jNe-Ag{ua^*¥73lfl]T'©«/J>e-AS{4B 

[0 0 3 4] S2{C^Lfc0ijT(i. L c = 2 0 /I mtlS 
^L/-ci:ttC. Sil7^|p]T■©a/J^e-A@{fiaAW7^ 
fR]1?0«/Mf-A@{iifi{Cfi:&^<tatC^:§o COa^ 
»5j^CT{i. Sifi/7j<¥(Oi:-feP>(D73|p]T't.e-A@*^ 

[0 0 3 5] 03{4. Mit/7j<T©M:^|nlT-©«/jNe- 

AS{iiBA^-S5tfc^^O*3t7-?^-y^^v1-o 

*3v^Tv (c) \i.mm./7kw-<Dmimtx\f:-L.W3m 

30 /hi:;&5{4fiA-c<Dm7t7^^-:y^^-ro (a) 

?t7^^->;g:^n€ti^-ro iRi0ti:^-r<taic. m.it'^ 

[003 6] ^mmvx±.(oii^rimmcm^Lxrit 
tfTte^D y ^-^ PVX2 fc^^p^x 

U— ^f^^l i:±te3»Jp<-:$f b>'X2 0r^PSL 1 (L 

40 1 = L o + L c ) ^vm^t^vm^^^mx^z. t 

iCckD. SiI:^lSj<De-AL y^iA^a/J^i:^5tt.;S^li§ 

[0 0 3 7] cn\zi:<o. lMM^^-r^*»i*u- 
'E.-pT. ilii/7K¥(Di3573[p]ttti:«'J>t*-AST'|p|-^ 

[0 0 3 8] ^^tc, *fgH^fcj;i.^^l*^-lfgS«» 
50 jgTjatC-^l/^Titt^-rSo *i^Wtcj:5i|£^i*b— !fg 
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|B)i:iintcMit^c:^lp)i:T'e-A'>xX KSBA^SiS:^ 
^-1f^«-«[St-r5iii«f*U— >f«^*{^fflL. COD* 

ffi;'3l$]«^c«/J^t:"-Agr'|l|-«ffi^cm^^■ti•?> d 

[00 3 9] ^4«. *%H^tCj:?.i|i^{*U— tfggg 
S73i4©±S4l@^ffi^^-ro S-r\ 1^00!) (a) (C 

X 4 t If- AgpJ^gS 7 (DF^Pi L 2 ^^{k^HiTfT 

* ?.{4H P X *^465 c i: t -So 
[0 0 4 0] CO^lWlStD^. [ilia© (b) \Z^st 
^r>\^. m2(DXmtLr. U—*fm'Flt=iV:!i—Si 20 

uyxzcorsmii (=L o + L c) ^^pM-rsc t 

ici SE:^IolT'0«'J>k*-Agfi[fiP y 
Py, P x^|WI-^ffl^c^oT*§ci:*^T•t-5o 

[004 1] ccom. m-rnis. u-^trm^ 1 1 n u ^ 

So 

[0 0 4 2] U—*fm'flt=iV:^—$tlyyX2<0fSm 

li:3U><-^'b>X2 2 2 T-S 

S^-rJ:d5:}g®TfeoTt J:v^o 40 
[0 0 4 3] E5{i*56H^(cJ:?,¥s»ftb— fgfiOS 

X\ m 1 ^^:^L/ct^Di:^0^Ba^^co^,^TS^B^■r■5i:. 
3Up{-^U>'X2^«^LTV^§^S^UyX>tv7l'^* 
2 1*^ iSiaSrfeS2 2tCi-:5T^SSl sfflytcSig? 

[0 0 4 4] c:cD?![iigte^2 2{CT^jSiEl 3 tU> 

1 fc3»J>{-^J2 l©fflSS?r/im*fii (0~4 O/iin) 50 
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[0 0 4 5] 06{±*f|B^lC<fc5ii^^{*U— rSB©^ 
y'SB 1 OT'Ji. bvX*;b^2 1 ^%n^2 3 

as 1 3 (Dfsm^vmm^m 2 2 TRi^^^^-its i ^ 
[0 0 4 6] ±xmmm^2 2ii.. ±ab/ccfc9tc. u 

— »f^? 1 i: 3 U P« -^f byX 2 <DP^|!i:& /X m*fii(Oa 

m2 2(Dun.\zmmm-<D'hti's.^^ (tct^is. a> 
t^oic. ^(Dmmmmm2 2^m^(omu0ki<^TKm 
[0 0 4 7] mi lij^mnm^m^m^irc^mwu-^ 

li. fiS-fe>"9-6 K ga^{±ilHlK6 2, 7-f-K>":<y 
^*iJ8llHli^6 3. :fe<fcD*S]K^^?S6 4*i:A^c,*5 

gaffi«iHii^6%wr5o 

[0 0 4 8] C©^^. SJg^:r>+^6 1 (iL D«Jt®6 
g^^^-r^o SS«imiilSS6 2{i. ±Eigfi-b>-9-6 
y^- F/^-y ^SiJfiilHli^ 6 3 li. 

{i'^;i'f=-x^? 1 2<Dmmw(k^y-<-Yf'^"j<7U'm 
[0 0 4 9] cntcio, ±fBb— »f*? 1 ©sfflsat 

i'^Jffll^nSo CcDSijmCcfct). t»ISSfe*2 2T(Dfi 
a[t-^SSlc$^fl:?^i-e.nT. b— tf^^ifcnu 
p« - ^ b yX 2 ©MPi^^^^ffi^S^tc^^-r 5 c i: *^ 

[0 0 5 0] 08 aSg»|«#g«r«ix.fc*»«cU— tf 

S{±, ±^L/cfiSM«lHlSS6A'i«SiSSjfeft2 2<DSg 
w> - hV^y ^'*J®-r 5 J: o tcKtt e>nTt/^.5„ 

■r^t)-^, fig-tv^te 1 tisipsrfe^ 2 2 (Dgg^a 

g6 4lcTSS?n5gai:^:§i9H:. SiIlS?fe:a2 
Z^iDSfSt-^ 2 4'\©iimS€:7-i'-hV^y ^$|J 

[0 0 5 1] iintcit), tSiigfem2 2(i^5.Ji:ii^ 

■*f ii:ni;p<-^b>X2 tDP^ Pitam^ti> $ e> 

Hcm LfcgfiMMlHiSS 6 i: . 08©^ LtcUmmt^m 
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[0 0 5 2] msicTntrc^mwu-v'mmx'ii. tas 

6 4 oSSSfi^Bl^Slffr 5 c i: fc J; o T. ± 

iBt»fflg?&*2 2osfi^oi^s^-r5o -r-s^s urn 
u>X2(Dmm^iimM^i{L<Dmmx'WLmmmti c 

i:*^T't-5o 10 

[0 0 5 3] jj(±SiH^b/c<t9tc. 1 (omn 

iRii:T'tr-i=«>>x;^h {llB*^* s b— If )t*Mi>f -r § 

-■y'Tt^^ fa#%«^i:iissif^T't,oT. stt/7j<JF 20 

OM73lplR»CS/jNfcr-AgT|Bl-^ffifC*Jt$-&5 C t 
[0 0 5 4] mZCO^lt. m 1 <D%BJtC:feV^T. 

b-1f'gBT-fe5o cnicj:»?^ *aS<*^— tf^?i:n 

[0 0 5 5] mStDfgB^ti, ^1 $/c«^2cD|g^ti:i3 

[0 0 5 6] ^4 (DlgH^fi. **f*©M^®lCW*7j< 

¥73 iPi t <: ntcHB^cTj iR] t T A •> X X h amam 
\yyx<rmmn:^wm^^ c f: t ^ ^ tsk:^ir)T'0 

a7tif-i:.gA^'«/hi:*S*^j|<i6-5m20xei:. ^ 

[0 0 5 7] ^5(D¥@fi. S4CD#ISlC*3t,^T. ^1 
43 <fc a*S 2 tDISO^t. ^2lft V-^m^ t n 'J y - ^ 
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[0 0 5 8] 

U>X<OF^Pi^?S^S^Tt 5 <k d fc Lfc C i: fc J: . 

IS]#t^^:g/J^^i'-^gT•|Wl-^tMKm^^-^^■5 c i:A<T-t 
[SffiOffl^ftSiH^] 

[^1] *|gB^lca:5it£^{*u-Hfgg©-||Jf6Jg^;& 
[02] g/J^e-ASfiiffOg{bttffi*SE/7k3F©73 
[03] M^fi/7J<¥<OM7^|oJT•<Dft/J^^f-^g{^HA^- 

[04] i^RmK^^^m^v-^mmmwimn^m 

[05] *ftB^lcj;5^»ttb-if^S©Sg|5tc43tt?) 
[06] *5§B^tei:§it^#|*L'—tfgBOSgPtc 431^5 

[0 7 ] figM«¥S%<i^ fc*»f* b— »f SBOUSS 

ff^^^^f 0T-$.§„ 

[0 8 ] umm^^^mTi tc^mw \^-^m.mm\<D 

Hfigf^S^^f 0T'S 5o 

[09] mk<r)^mwi^-^mmomm^^7r<t^x 

[010] m9(om.m\cxn^n^m.itf^^-y(r)im 
^^tmx-^^o 

1 m^f}m<o^mwi'—^'m^ (ld) 

1 0 i|^i*b— !fgB 

1 1 LDS^« 

1 2 ^;l/^x^? 

1 3 ^)S^ 

2 n>J;<-:5rUyX 

2 1 ^>'X^t^;^^ 

2 2 isM^s^^-rssnsife* 

2 3 3t#* 

2 4 

3 If-ASJgJt^l^ 

4 m)tu>x 

5 3?^^ 

6 jgiSMfXSi^ 
6 1 Sa-lry-9- 
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6 2 sa^ffini^ 

6 3 y^-h'^^^y^mmmm 

6 4 mmmm^m 

7 \i-Lm.mm^m 
z ytm 

Ex e-A-j^x-rxhfiie (7j<¥73 iRi) 
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P X «'^lf-i^@fiB 
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L2 «7tb>X^tf-AgSiJ^gfi (^ffi) ©P^H 
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